Abstract: Small non-coding RNAs named microRNAs (miRNAs) modulate some functions and signaling pathways in skin epithelial cells and melanocytes. They also function as oncogenes or tumor suppressors in malignancies and tumor metastasis. We investigated the expression patterns of miRNAs, including miR-10b, 21, 200c, 373 and 520c, which regulate epithelial-to-mesenchymal transition (EMT) and metastasis in isolated cancer stem cells (CSCs) and nonCSCs. Six melanoma cell lines were tested for the expressions of stem cell markers. Melanoma stem cells were enriched via fluorescence-activated cell sorting (FACS) using the CD133 cell surface marker or spheroid culture. They were then characterized based on colony and sphere formation, and the expressions of stemness and EMT regulator genes and their invasion potential were assessed using real-time qRT-PCR and invasion assay. Our results indicate that cells enriched via sphere formation expressed all the stemness-related genes and had an enhanced number of colonies, spheres and invaded cells compared to cells enriched using the CD133 cell surface marker. Moreover, miRNAs CELLULAR & MOLECULAR BIOLOGY LETTERS 449 controlling metastasis increased in the melanospheres. This may be related to the involvement of CSCs in the metastatic process. However, this must be further confirmed through the application of knockdown experiments. The results show that sphere formation is a useful method for enriching melanoma stem cells. Melanospheres were found to upregulate miR-10b, 21, 200c, 373 and 520c, so we suggest that they may control both metastasis and stemness potential.
INTRODUCTION
Melanoma stem cells potently proliferate to maintain their population and to differentiate from other tumor cells. They are assumed to initiate and propagate the progression, invasion and metastasis of malignancies [1] . Identifying the phenotype and mechanism through which tumor-initiating properties are conferred is important for understanding cancer biology and tumor targeting. Several cell surface markers have been tentatively identified that may be useful for enriching and studying melanoma SCs, including: CD133 as a putative stem cell marker in melanoma skin cancer, brain cancer, colon cancer, lung cancer and other solid tumors [2] [3] [4] ; ABCG2 as a potential melanoma stem/initiating cell in vivo and in vitro [5] ; and CD44 as an important adhesion molecule in tumor progression [6] . In parallel, the spheroid assay, high aldehyde dehydrogenase (ALDH) activity measurement and side population cell method have been developed to enrich cancer stem cells (CSCs) [7] [8] [9] [10] . However, the in vitro and in vivo data from different methods used to enrich melanoma SCs have been interpreted very differently [11, 12] . The different opinions regarding melanoma adherence to the CSC model are mainly attributed to different interpretations of the model itself and to variations in the methodology used to study melanoma SCs [13] . Developmental studies have identified epithelial-to-mesenchymal transition (EMT), in which individual cells or groups of cells become motile during organ development and tumor progression [14] . This phenomenon may also explain the origin of CSCs. Different factors have been shown to regulate EMT during cancer metastasis: loss of surface E-cadherin; gain of N-cadherin; and expression of transcription factors such as Snail1, Snail2, Twist, TGF-β signaling pathways and several microRNAs (miRNAs) [14] [15] [16] [17] . MiRNAs are small non-coding RNAs (18-24 nucleotides) that are transcribed by RNA polymerase II and that inhibit gene expression by targeting mRNAs for cleavage or translational inhibition [18, 19] . They have been found at specific developmental stages and disease states, including cancer [20, 21] . They act as oncogenes or tumor suppressors during tumor development and play a role in angiogenesis, cell detachment, invasion, cell survival, extravasations and metastatic colonization [22] .
A literature review revealed that miR-10b, 21, 200c, 373 and 520c [23] are the most important miRNAs in the regulation of EMT. Therefore, we isolated melanoma SCs using methods based on the CD133 marker and their potential ability of sphere formation. Then, we investigated the expression pattern of miRNAs in order to understand the correlation between epithelial-tomesenchymal transition (EMT) and the potential of melanoma SCs in isolated CSCs and non-CSCs .
MATERIALS AND METHODS

Ethics Statement
The Ethical Committee at Royan Institute approved this experimental study (Code: 226-1).
Cell lines and culture conditions
Human melanoma cell lines, including WM-115, NA8, SK-MEL, Me67, A375 and D10, were provided by Professor Giulio Spagnoli of the University Hospital Basel in Switzerland. All of the cell lines were cultured at a density of 15 × 10 4 cells per T25 cell culture flask in complete RPMI containing 10% fetal bovine serum (FBS), 1% nonessential amino acids (NEAA), 2 mM L-glutamine and 1% penicillin/streptomycin (all from Gibco) at 37ºC in a 5% CO 2 atmosphere. The medium was replaced with fresh medium every 2 days and cells were passaged every 6 days. For the spheroid culture, 3 × 10 3 cells/ml were grown for 6 days on culture plates coated with 12 mg/ml 2-hydroxyethyl methacrylate (poly-HEMA; Sigma) in serum-free RPMI (SF-RPMI) containing non-essential amino acids (NEAA), L-glutamine, penicillin/streptomycin, 1X B-27 (Gibco), 20 µg/ml of epidermal growth factor (EGF; Royan Institute), and basic fibroblast growth factor (bFGF; Royan Institute). Fresh B27, bFGF and EGF were added every 48 h.
Flow cytometry analysis and cell sorting
The levels of the CD133-, CD44-and ABCG2-expressing populations in each melanoma cell line (WM-115, NA8, SK-MEL, Me67, A375 and D10) were evaluated via flow cytometry using PE-CD133 (Miltenyi Biotec), PE-ABCG2 (eBioscience) and FITC-CD44 (BD) antibodies. Isotype-matched IgG antibodies were used as a control. The positive cells were determined on a FACSCalibur machine (Becton Dickinson) and the results were analyzed using Flowing Software version 2.5.0. To sort the CD133+ cells, adherent cells were harvested using 0.05% trypsin-EDTA; washed in Dulbecco's phosphate-buffered saline (DPBS; Gibco) containing 2% FBS; re-suspended in 500 μl sorting buffer containing DPBS supplemented with 2 mM EDTA, 25 mM HEPES (Sigma) and 1% FBS; and stained with 3 µl/10 6 cells of PE-anti-CD133 for 45 min on ice. PE-IgG2b was used as a non-specific binding control. Cells were sorted using FACS Aria II (Becton Dickinson).
Colony formation assay
In order to assess the tumorigenic potential of the isolated cells, D10, spheroid, CD133+ and CD133-cells were plated at densities of 80, 150, 200 and 250 viable cells/well in 6-well plates under adherent conditions with 2.5 ml complete medium per well for 10 days. Then, cells were fixed using 4% paraformaldehyde and stained with 0.5% crystal violet. Colonies with > 40 cells were counted under an inverted microscope at 40x magnification.
Spheroid formation assay
To test the potential of spheroid formation in the sorted cells, a total of 2500 viable cells/ml of D10, spheroids, CD133+ and CD133-cells were plated in 6-well ultra-low attachment plates (anchorage-free surface) and grown in 2.5 ml SF-RPMI containing 2 mM L-glutamine, 1% penicillin/streptomycin and 1% NEAA. Afterward EGF and bFGF (a total volume of 20 µg/ml) were added every 48 h. Cells were further allowed to grow for 10 days, and the numbers of spheres with > 20 cells were counted using a microscope at 40x magnification.
Migration and invasion assays
Cell invasion and migration assays were performed using a 24-well transwell system that incorporated a polycarbonate filter membrane with a pore size of 8.0 µm (Millipore). To perform invasion, the filters were pre-coated with 20 μg/well of diluted matrigel (Sigma) for 24 h. Uncoated filters were also used for the cell migration assay. An overnight pretreated cell suspension (2.5 × 10 4 ) in serum-free culture medium was added to the inserts and each insert was placed in the lower chamber filled with culture medium containing 10% FBS. After 48 h incubation at 37ºC, the filters were fixed with 4% par formaldehyde for 1 h and stained with a 0.5% crystal violet solution for 2 min. The number of adherent cells in the lower surface of the filter and in the bottom of the 24-well tissue culture plates was counted using a microscope at 20x magnification.
Real-time qRT-PCR
Total RNA was isolated from melanoma cells in different groups using TRIzol reagent (Sigma) and digested by RNase free DNase I (TaKaRa) according to the manufacturer's instructions. Using 2 µg of total RNA, cDNA was generated with random hexamers using a cDNA Synthesis Kit (TaKaRa) according to the manufacturer's instructions. The resulting cDNA was then subjected to qRT-PCR using a Rotor-Gene 6000 (software version 1.7; Corbett Life Science) and SYBR Green PCR Master Mix (Biosystems) according to the manufacturers' instructions. The following human-specific primers were also applied: CD133, OCT4, NANOG, SOX2, KLF4, CDH1, CDH2, TGF-β, TWIST1, SNAIL1 and SNAIL2. All reactions were normalized with GAPDH. The thermal profile was 95ºC for 10 min, 40 cycles of denaturation at 95ºC for 10 s, annealing at 60ºC for 20 s, and elongation fluorescence monitoring at 72ºC for 20 s. A final melting curve analysis from 65ºC to 95ºC was performed and data were analyzed using the 2 -∆∆ct method.
MicroRNA expression analysis
The expression levels of miR-10, 21, 200c, 335, 373 and 520c were assayed via qRT-PCR. Total RNA (2 μg) was reverse-transcribed using a microRNAs cDNA Synthesis Kit (ParsGenome). qRT-PCR was then performed using a Real-Time PCR Kit (ParsGenome). Experiments were normalized to U6 as an internal control. The thermal profile was 95ºC for 1 min, 40 cycles of denaturation at 95ºC for 10 s, annealing at 62ºC for 20 s, and elongation at 72ºC for 30 s. A final melting curve analysis from 65ºC to 95ºC was performed and data were analyzed using the 2 -∆∆ct method.
Statistical analysis
Most assays were performed in triplicate. The differences between the two experimental groups were determined using Student's t-tests. A two-tailed value of p < 0.05 was considered statistically significant.
RESULTS
The expression of stem cell-related markers (CD133, CD44 and ABCG2) in melanoma cell lines
The expression levels of cancer stem cell-related markers, including CD133, CD44 and ABCG2, were assessed in WM-115, NA8, SK-MEL, Me67, A375 and D10 cell lines using flow cytometry. Our results determined that the expression level of ABCG2 was weak (< 0. 5%) in all the cell lines (Fig. 1A , left panels), whereas high levels of CD44 were expressed in all the cell lines (> 99%; Fig. 1A , middle panels). CD133 was only expressed in the D10 cell line (28.65 ± 1.86% of population), and its expression level was very low in the other cell lines (< 1%; Fig. 1A , right panels). The results of two-color staining of the D10 cells showed that all the cells only expressed CD44, and there was no CD44-cell population. Therefore, CD133 was selected as a surface marker for cell sorting (Fig. 1B) , and potentials for colony formation and sphere formation and their invasive ability were evaluated in the sorted groups. Approximately 10% of cells showed bright expression of CD133 and 17.7% of cells failed to show expression of CD133. These were selected for sorting ( Fig. 2A , right top). The purity of the sorted cells was higher than 96% ( Fig. 2A, bottom) . The expression of CD133 was confirmed via qRT-PCR (Fig. 2B ).
Melanoma-enriched stem cells
Melanoma stem cells were enriched using the two methods that had been assessed for the D10 cell line (expression of CD133 and spheroid culture). The potentials of colony and spheroid formation as an in vitro tumorogenicity model were tested using enriched cells. Results showed that the number of colonies increased with an increase in the number of cell seeding in all groups (Fig. 3A,  C) . A comparison of the enriched populations determined that the melanospheres had the highest ability, while CD133-cells had the lowest colony-formation potential (p ≤ 0.03) under adherent conditions (Fig. 3B) . Morphologically, D10 cells grew aggregately and were loosely connected to each other in the serum-free medium in ultra-low attachment 24-well plates (Fig. 3D ). Similar to their clonogenic potential, melanospheres and CD133+ cells had a higher potential to form a sphere than the parental and CD133-cells (p ≤ 0.001; Fig. 3E ).
In the next step, to find out whether enriched cells would express stem cellassociated genes, the expression levels of SOX2, OCT4A, NANOG and KLF4 in the enriched stem cell groups and non-stem cell group were evaluated using qRT-PCR. Interestingly, the results indicated that melanospheres expressed all of the stem cell-related genes at significantly higher levels than the parental and sorted cells (p < 0.05). A comparison of the two sorted populations revealed that with the exception of SOX2, the stemness-related genes were expressed at high levels in CD133+ cells and unsorted cells, but SOX2 was upregulated in CD133-cells (Fig. 3F) . Based on our results, spheroid culture is the best method for the enrichment of melanoma SCs in vitro. 
Assessment of migration and invasion potential in D10 enriched stem cells
As shown in Fig. 4 , there were no differences in invasion potential between CD133+, CD133-and parental cells (p ≥ 0.23), but the invasion potential of CD133-was enhanced significantly in melanospheres compared with CD133+ and parental cells (Fig. 4A, B ; p ≤ 0.007). Among EMT regulators, the expression of CDH1, which inhibits EMT and encodes E-cadherin, was downregulated in melanospheres and upregulated in CD133+ cells ( Fig. 4C ; p ≤ 0.01). Furthermore, CDH2 encodes N-cadherin and acts as an inducer of EMT, while TGFβ, TWIST1 and SNAILI/II, acting as EMT inducer transcription factors, were upregulated in sphere cells (Fig. 4C) . Interestingly, CDH1 was downregulated and CDH2 and SNIALI were upregulated in the CD133-population compared with the CD133+ population (Fig. 4C) . Our findings confirm that melanospheres are more efficient at starting the EMT process, migration and invasion than CD133+ sorted cells during cancer metastasis.
Expression pattern of microRNAs associated with EMT in melanospheres
In this study, we tried to determine the expression profiles of some microRNAs, including miR-10b, 21, 200c, 373 and 520c, which are important in the regulation of EMT, migration and invasion (Fig. 5) . Our results indicated that the miRs studied were significantly overexpressed in melanospheres ( Fig. 5 ; p < 0.05). miR-21 and miR-200c were downregulated in CD133+ compared to CD133-and sphere cells, while the expression level of miR-520c was lower in CD133-cells than in the other groups ( Fig. 5 ; p < 0.05). 
DISCUSSION
Cancer stem cells consist of a very small proportion of malignant melanoma [1] . They are believed to be a source of recurrent invasion and resistance to chemotherapy [20] . Identifying the molecular phenotype and regulatory pathways of melanoma stem cells (MSCs) could help to develop a new therapeutic strategy for lethal forms of melanoma. Several studies have focused on MSCs using: the expression of several markers, including CD133, ABCG2 and CD44 [3, 5, 6] ; sphere formation; high ALDH activity; and side population cells [7] [8] [9] [10] . In our study, we first evaluated the most popular cell surface markers in the different melanoma cell lines and then enriched MSCs using the expressions of markers and as melanospheres, in serum-free medium and on low-attachment plates. The stemness ability, the potential of colony and sphere formation, the expression of stemness-related and EMT regulator genes, and the trans-membrane invasion potential were demonstrated using both enrichment methods. The cell lines used were WM-115, NA8, SK-MEL, Me67, A37 and D10. Our experiments showed that only D10 derived from a patient biopsy expressed CD133 at a detectable level. However, there were no significant differences between CD133+, CD133-and parental cells when tested for stemness potential. This contradicts the notion that CD133 as a single marker can be an accepted hallmark of CSC in melanoma cell lines. This observation was in opposition with what some authors reported, where CD133 was considered the most important cancer stem cell-associated marker in melanoma cell lines [24, 25] . However most such studies were done on patient-derived cells. They reported the association of CD133 with increased expression in a large variety of human malignancies, including malignant melanoma, metastatic lesions or recurrence [3, 5, [26] [27] [28] [29] [30] . Moreover, the CD133+ cell content enhances in chronic suninduced damage [31] . We hypothesized that the extinction of the reported cancer stem cell markers in our tested melanoma cell lines could result from these cells having been passaged many times before our experiments. Also, the expressions of cell surface markers greatly depend on culture conditions. Moreover, the expression of CD133 protein has been regulated at different levels including transcriptional regulation, alternative transcription initiation sites, alternative splicing and posttranslational modifications. This discrepancy could also be due to application of different types of antibodies from various studies. Therefore, we performed further characterizations on melanospheres. The results were compared to sorted cells. Based on our results, we suggest that sphere culture in a serum-free medium and in the presence of EGF, bFGF and B-27 in the low-attachment plate is a more reasonable method for the enrichment of melanoma stem cells. They proliferate more rapidly and possess enhanced clonogenicity, and in our study, expressed all the stem cell-related genes compared to the other tested groups and parental cells. In contrast to our findings, Mo et al. reported that sphere formation in non-adherent cultures may not be a preferred surrogate in vitro method for enriching melanoma stem cells but may be a favorable condition for activating potential CSCs [32] . As mentioned before, when cell lines are chosen for CSC studies, one should consider all changes in culture conditions, including stability of pH and dissolved oxygen during the culture period, the initial cell number for seeding, the number of days when the cells are in spheroid form, and the number of passages pre-and post-sphere formation. Since there is limited data on miRNA expression profiles in melanoma [33] [34] [35] and a lack of evidence for the correlation between miRNAs regulating EMT and MSCs, we selected the most important miRNAs, including miR-10b, 21, 373, 520c as oncogenic miRNAs, and miR-200c as a tumor-suppressor miRNA [36] , based on the literature [37] [38] [39] , and assessed the association between differential expression of miRNAs and melanoma SC behavior. Although there is no published data about the expression of the above-mentioned miRNAs in melanoma, evidence about other tumors indicates that the transcription factor Twist (Twist) overexpresses miR-10b. Furthermore, it positively regulates cell migration and invasion in vitro as well as tumor invasion and distant metastasis in vivo in metastatic breast cancer cells [40, 41] . The upregulation of miR-10b has been reported in human glioblastoma tissues and their stem cells [42] . MiR-21 also has various roles, such as cell proliferation, apoptosis and migration, while its ability to downregulate reduces the migratory and invasion potential of glioma and breast cancer cells [43, 44] . The miR-373 and miR-520c in MCF-7 breast cancer cell line and PC-3 prostate cancer cell line stimulated both cancer cell migration and invasion in vitro and in vivo [39, 45] . This also led to expression of miR-373 and miR-200c in human embryonic stem cell [21] . MiR-200c has paradoxical roles in cancer progression, and in many cancers, its level is decreased during migration and invasion. However, the loss of miR-200c is a marker for chemoresistance and aggressiveness [46] , and in melanoma, it induces an amoeboid-like mode of invasion and does not act as a tumor suppressor [47] . Xu et al. reported that miR-200c is downregulated during melanoma progression and acts as a tumor suppressor. Moreover, the transfection of miR-200c in melanoma cells reduces colony formation [48] . We found that all the aforementioned miRNAs were overexpressed in melanospheres. The expressions of CDH2, TGF-β, SNAIL1, SNAIL2 and TWIST as EMT regulator genes [14] increased and that of CDH1 decreased in those same melanospheres. In the sorted cells, the results of selected microRNA expression and invasion assays were contradictory, which may confirm our previous results that CD133 is not a suitable marker for isolating melanoma stem cells.
CONCLUSION
This study illustrates four main findings regarding melanoma stem cells. First, the cell lines are not suitable for stem cell enrichment. The number of passages and the culture conditions can change their stem cell potential. Second, the cell surface markers do not always predict enrichment in melanoma stem cells and thus cannot be considered as a universal method for CSC enrichment in cancer cell lines. However, this must be confirmed using tumor specimens. An extensive characterization for the CSC signature in cells is essential before drawing a conclusion on the achievement of the CSC enrichment. Third, melanospheres might be an easy, rapid and non-animal-dependent model to enrich melanoma stem cells. Fourth, the same microRNAs may control stemness and invasion (Fig. 6 ) in melanoma. However, further studies using knockdown experiments are necessary to validate the relationship between EMT regulators and their correlation with miRNAs in melanoma stem cells. 
